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HSCT Engine and Nozzle Options - Being Evaluated 
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Between GE and P&W We are Covering All Options 









This is just a quick look at the systems studies GEAE is performing this year both under IR&D and 
NASA contract. The first three items are an example of the way our IR&D and contract studies 
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design. Under this task order we are trying to apply what we learned in the design of the 2-D nozzle 
to axisymmetric nozzle designs. I will briefly show some of the results of that task and I think Marty 
Smith of Pratt will have a few words to say about 2-D vs. Axi acoustic nozzle designs. 
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Between NASA Contract and IR&D GEAE Will 
Generate the Data Needed for Downselect 



GE Variable Cycle Engine 
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GE Variable Cycle Engine 
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This data is based on GE design ground rules. Engine 
design is being updated in 1991 to common design groundrules 



0 

N 

05 

C 

as 

E 

if) 

0 

O 

4—» 

C 

0 

if) 

0 

3 

N 

O 

C 

* 4-4 

0 

V— 

0 

Q_ 

0 

CO 

*x 

0 

0 

0 

L. 

0 

!q 

E 

0 

_0 

N 

O 

0 

0 

0 

C 

O 

4-4 

0 

0 

SZ 

4— » 

XI 

4-4 

N 

O 

'sz 

\- 

L— 

0 
_£= 
4 — * 

>s 

0 

E 

C 

O 

O 

k_ 

0 

SZ 

$ 

"O 

c 

0 

$ 

> 

■0 

_0 

C 

0 

XI 

05 

3 

Q_ 

if) 

C 

0 

0 

0 

Q_ 

L. 

3 

O 

0 

'0 

0 

SZ 

4 —* 

05 

3 

CL 

0 

O 

0 

u. 

O 

O 

~3 

>4— 

0 

H*- 

O 

CO 

< 

0 

0 

x: 

4-4 

sz 

05 

Q. 

0 

0 

jz 

h- 

c= 

0 

CL 

XI 

4 —* 

O 

0 

x: 

4 —* 

Ql 

O 

XI 

x: 

4 — » 

0 

3 

O 

u 

f— 


c 

O 


0 ~ 


03 

CD 


c 

05 

0 

CD 

X3 

_g 

N 

N 

O 

C 


o 

5 

I — 
O 
CO 
X 


c/5 

o 

o 

03 

o 


CD 

E 

E 

> 

0 

X 

03 

g 

if) 

03 

X3 

V— 

3 

o 

CO 

$ 

o 

SZ 

if) 

tr 

03 

sz 

o 

if) 


o 

o 

4-4 » 

03 

■g 

To 

co 

Q_ 

03 


o .E o 


o 

Ql 

O) 

c 

CO 

CD 

jc 

* 

“O 

c 

03 

CO 

O 

T3 

13 

CO 

I — 

c n 
< 
k_ 

3 

o 

E 

o 


c 

05 

CO 

CD 

"O 


o 

0 

CD 

0 


CD 

“O 

o 

E 


CD 

0 

CD 

x: 


c 

§ 

o 

sz 

if) 

0 

k_ 

03 

co 

0 

T3 

O 

E 


■o 

c 

0 

if) 

3 

CO 

0 


05 

=3 

o 


c 

$ 

o 

-O 


05 

3 

o 

k— 

_Q 

CO 

4-4 

o 

3 

“O 

c 

0 

0 


E 

o 


$ 

o 


o 

< 

0 

N 

N 

O 

c 

0 

JC 


c 

o 

o 

0 

CO 

C 

0 

05 

0 

> 

T3 

0 


$ 

o 

0 

o 

o 

0 

xr 

4—» 

o 

4— » 
> 

,0 
*4— » 

c 

0 

05 

C 

0 


CD ^ 

k_ 0 

0 “O 

1 < 
> 0 

co x: 
0 


o 

0 

sz 

c 

0 

0 

£ 

0 

-Q 

_0 

N 

N 

O 

c 

_c 

0 

E 

0 


X 

0 

"O 

c 

0 

X 

E 

5 

o 

•4— 

c 

0 

M— 

0 


c 

0 

E 

C 

*0 

k_ 

C 

0 


X 

0 


“O 

0 

.c 

£ 

o 

c 

0 

>4— 

0 

_c 

4—» 

o 

0 


_0 

0 

o 

o 

0 

3 

O 

-Q 

| 

O 

0 


05 

C 

L. 

3 

■Q 

GO 

"O 

to 


CO O 


o 

3 

"O 

0 

L. 

0 

if) 

o 

c 


0 

0 

0 

V— 

0 

CL 

o 

_0 

N 

N 

O 

c 

0 


0 

■o 

o 

E 

0 

CO 

*3 

i— 

O 

g 

c: 

o 

CO 

0 

Q- 

3 

0 

0 



E 

0 

kJ 

*** 

O 

0 

CL 

O 

4-4 

M — 

if) 

4—» 

O 

0 s 

c 

0 

0 

0 

*0 

0 

CO 

0 

k_ 

O 

k— 

0 

SZ 

0 

0 

Ql 

4 — • 

0 

0 

O 


O) 

.E 

N 

O 

T3 

Ti 

N 

0 

0 

0 

O 

C 

05 

0 

Q. 

O 

0 

JI 

C. 

‘k. 

3 

> 

X3 

4—» 

3 

O 


"O 

0 

_c 

k_ 

4 —* 

tr 


O 

4 — 

0 

JI 

0 

> 

I 

"0 

4 — * 

c 

0 

O 

SZ 


0 

05 

0 

3 

c 

0 

E 

k. 

0 


05 

3 

0 

0 

O 

"O 

0 

3 

k_ 



0 

£ 

kJ 

E 

> 

05 

'0 


05 



0 

_Q 

O 

_0 

0 

C 

8 

0 

a 

0 

4—* 

c 

05 

< 

"O 

c 

0 

0 

"O 

c= 

0 

0 

o 

Q- 

0 


O 

0 

oT 

0 


N 

N 

O 

C 

O) 

J3 

Q. 

■O 

0 

“O 

C 

0 

0 


0 ^ 
5 | 

I 5. 

= 0 
0 _d 
0 

0 4= 

> o 
o 

E 

Q_ 

0 


05 
C 

;g 
To 

>s 
JD 

“O 
0 
’v_ 
0 
> 

~ ~ 

CO 
< 


o 

0^ 

*0 

0 


0 

“O 

o 

E 

0 

in 

u. 

0 

> 

0 

k_ 

0 


0 

O) 

C 

0 

Q. 

0 


O 

4-4 

o 

0 

0 

0 


CD +* 


0 

if) 

O 

O 


c 

o 

"O 

0 

Q_ 

O 


O 

O 

"O 

k_ 

0 

o 

o 

JQ 

0 

“O 

c 

0 

if) 

0 

c 

0 

> 

0 

TJ 

*3 

05 

0 

0 

k_ 

0 

> 

0 


05 

■K oj 

0 
x: 
o 

JO 

■O 
0 

0 
> 


05 

*C 

'0 

o 

CL 

X 

0 

4 — » 
* 4 — 

as 


890 


nozzle. 



Coannular Nozzle With 20 Chute Suppressor and Ejector 
Operating Modes 
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The Final AST Nozzle is the Starting Point for Current HSCT Work 
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Innovative Chute Design 
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1 • Simple shapes 

Complicated and Heavy . . . Hopefully They Won't be Necessary 
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design parameters. 



Axi Acoustic Design Trade Studies 

*r SAR vs A9 
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GEAE is Bounding the Geometric Problem 
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ccurate Geometry Control Critical to Maximizing Performance 
at Cruise and Maximizing Noise Suppression at Takeoff 


E 9 

03 CM 


c o 
CD 
O) 
03 


03 

> 

“O 

03 

CD 

w_ 

03 

CD 

k— 

CD 


CO 

Q- 

<D 

O 

c 

O 

o 

_CD 

N 

N 

O 

C 


CVI 


(0 

CD 

o> 

03 
-*— » 

a 

03 

> 

“O 

03 

CO 

CO 

CD 

CD 

03 
•«— * 
C 
03 
> 
T 3 
03 

CD 


CD 

E 

o 

CO 

CO 

■4—» 

sz 

O) 


O) 


■O 

c ^ 

03 J= 

a S 

03 

J= ° 
CO 


o 

JD 

£ 

c 5 

jd 

03 

> 

CD 


CD 

C= 


CO 

CO 

LU 

o 


-Cl -n 


CO 

CD 

CL 


O 

-Q 


CO 

CD 

CD 

03 

■M 

c 

03 

> 

“O 

03 

CO 

~o 


CO 

cd 

N 

N 

O 

c 

'§ 


T 3 

CD 

03 

CL 

E 

o 

o 

CO 

03 

CO 

£ 

N 

N 

O 

C 


c 

O 

■M 

Ct 

03 

(0 

c 


CD 

■4— 1 

03 

3 

03 

> 

CD 


CD 



3 

C 

03 


E 


CD 

E 


03 

tz 

cd 


cz 

03 

"O 

03 




O CD 

e s 

ID X) 


898 



2D vs Axi 


c o 

CO 

o 


GO 

CD 

CD 

03 

c 

03 

> 

"D 

03 

C/D 

b 


CD 

O 

c 

03 


D) 

‘CD 

£ 

CD 

13 

O 

13 


03 

CD 

03 

<D 


O 

o 


o 

n 

CD 

Q_ 


CO HI 


CD 
CD 
03 

® 1 


• • • 


CD 

O 

03 




o 


13 







C/D 




CD 

03 


4-» 




CD 

E 

i 

03 

CD 


C= 

CD 

E 




CD 

05 


03 


15 

5 

=3 

+-» 


CL 

"O 

i_ 

O 

C/D 

CO 

< 

CD 

i— 


CO 

CD 

C/D 

CD 

O 


o 

CD 

CO 

CD 

~i ■ 


*2 

CD 

03 

L_ 

_Q 

CO 



03 

CD 

CL 

CL 

CO 

v 

13 

o 

03 

_j 

c 

£= 

03 

> 

O 

_c 

13 

CO 

£ 

CD 

< 

CD 

03 

03 

T3 

• 

• 

• 

• 


• 

< 








o- 



CD 

00 


8 


up 

LO 


o 

< 


a-& 


899 


Both Concepts Will Continue to be Evaluated 
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Flade engine. 



GEAE "Flade" HSCT Propulsion Concept 

Low Noise Geometry Setting Shown 
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GEAE’s High Flow Concept Beats the Noise Problem 





GE Fan on Blade (Flade) 
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GE Fan on Blade Engine (Flade) 
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MAC 1-60854-050791 
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the GE/P&W summary talk yesterday. This nozzle weigh about 15% more than the second 
concept, but it does meet the Stage III noise goals. 


Acoustic Nozzle Options Studied 
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Flade Nozzle Operating Modes 
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Reduces Weight and Complexity 



GE Mixed Flow Turbofan 
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preliminary design activity on this engine is due to be completed in the next few months. 



GE Mixed Flow Turbofan 
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SUMMARY CHART UNAVAILABLE AT TIME OF PUBLICATION 
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Compression System Characteristics 
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Compression System Characteristics Are 
A Key to the MFTF Design 
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Preliminary Turbofan Studies 

At SLS - standard day 
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Acoustic Requirements Drive the Design at Takeoff 
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Preliminary TF Studies 

PRf = 4.75, BPR 
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Top of Climb Thrust and Design Bypass 
Ratio Size the Engine 
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Summary 
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